Excessive mechanical loads in the lumbar spine often lead to the necessity of surgical intervention and the insertion of implants to provide a load sharing stabilization. An appropriate method for the estimation of the mechanical effects of such implants is the simulation with a bespoke programmed computer model. In order to calculate the load in the different structures of the lumbar spine a computer model was created by the Multi Body System (MBS) tool SIMPACK. The MBS-model consists of rigid bony parts for the vertebrae L1-L5, os sacrum and os ilium as well as intervertebral discs and ligaments. All structures are defined by their physical properties therefore a realistic reproduction of the mechanical behaviour of the lumbar spine can be assured. The validation of the model was carried out in conjunction with various in vitro experiments and experimental data taken from biomechanical literature. The MBS-model has been programmed to calculate the load in the different structures of the spine before and after implementation of the dynamic stabilization system Elaspine (Spinelab AG, Winterthur, Switzerland). Under the influence of external forces the mechanical behaviour of the lumbar spine specimens were tested from L2 to L5, with the segment L3-L4 stabilized by Elaspine. The comparison of the simulation and the biomechanical measurements shows a high degree of similarity. An implantation with Elaspine reduces the range of motion (RoM) in the stabilized segment, whereas the adjacent segments are not affected. For flexion/extension the RoM is reduced to 26 percent, for lateral bending to 46 percent and for the axial rotation to 75 percent. The results show that MBS modelling can serve as a useful device for pre-operative surgical planning.
Introduction
In modern times back pain is one of the most common health problems. High mechanical loads on the lumbar spine can cause chronic back pain and surgery is often unavoidable. One possibility for intervention is the posterior stabilization. The differences between fusion and dynamic stabilization have to be distinguished. Nowadays it is assumed that fusion leads to unintended consequences like a faster degeneration of the adjacent segments, caused by overload and hypermobility of the segments. In contrast, the aim of the dynamic stabilization is to restrict the mobility of a motion segment, relieve the segment thereby and prevent the negative effects on the adjacent segments.
Meanwhile there are different posterior dynamic stabilization systems for the lumbar spine. Probably the most known is the DYNESYS device. Schmoelz et al. [1] examined its effect on the lumbar spine and found the limitation in the RoM for flexion and lateral bending, which was not observed for extension and especially not for axial rotation. Another spinal implant is the DSS system. Wilke et al. [2] evaluated the implant parameters accurately by finite element modelling and in a following in vitro experimental study he pointed out that the RoM is limited to about 55 percent for flexion/extension and lateral bending and to 93 percent for axial rotation. In addition to these implants the posterior non-fusion system Elaspine (Spinelab AG, Winterthur, Switzerland) is developed. This implant system is composed of pedicle screws in between an elastic PCU rod see attached (Fig. 1 .) Elaspine has already been investigated in a study using finite element modelling by Rohlmann et al. [3] , who carried out a sensitivity analysis of various implant parameters and their influence on the lumbar structures during different load cases. Schmoelz et al. [4] tested the influence of Elaspine on the RoM in an experimental study, where six human spines were placed in a spine tester and loaded with torques in the three main motion planes. The aim of the present study was to investigate the effect of Elaspine on the RoM by MBS computer modelling. Creating a tool for surgical planning as a long term goal, fast calculation results are necessary. In this case the use of finite element modelling is not advisable since the calculation takes plenty of hours to complete. In contrast the MBS modelling offers significant advantages due to a fast calculation process. The simulation software SIMPACK is a powerful tool to analyse internal loads on the different structures of the vertebral column and therefore an applicable model of the lumbar spine was developed. The MBS model is built up by rigid bodies that are connected by joints and characteristic forces and torques are transmitted.
Method
The model of the lumbar spine consists of the vertebrae L1-L5, the os sacrum and the os ilium. The vertebrae are connected by joints with appropriate degrees of freedom. The ligamentous structures are also realized as elastic elements ( Fig.2 ). All the individual structures are modelled with different material properties in order to simulate their realistic mechanical behaviour. 
Generation of the vertebral surfaces
The surfaces of the vertebral bodies are generated by segmentation and visualization of a computer tomographic data set. The templates of the used vertebrae represent the average european size.
Modeling the facet joints
The contact of each vertebral body to its adjacent one is realized through the facet joints. Thus, ten facet joints are implemented in the model. Between the corresponding surfaces compression forces are transmitted that are calculated with the following relation
In addition to the constants c for stiffness and d for damping the magnitude of the resulting forces is determined in dependence on the penetration depth and the velocity .
Modeling the intervertebral discs
Through the intervertebral disc forces and torques are transmitted that cause movements of the vertebral bodies to each other with the possibility of six degrees of freedom. Acting forces on the lumbar spine cause deformations of the intervertebral discs. Disc forces are calculated by the relation The stiffness term considers the deformation as well as the cross section area, serving as a scaling factor for the different functional units. The damping term depends on the deformation velocity . The parameters for stiffness c and for damping d were evaluated in experiments on cadavers. The transmission of torques is based on experimentally determined curves. There is a characteristic curve for each plane of motion -for flexion/extension, lateral bending and axial rotation (Fig.3) . Koblenz intact Koblenz Elaspine verse ligaments (ITL) are implemented into the model (Fig.4) .
Fig. 4 Ligaments of the lumbar spine
The ligaments are defined between two application points, broad ligament structures are realized by a bundle of several fibres. Nearly 150 ligamentous structures have been introduced. The mechanical behaviour of the ligaments is based on characteristic curves taken from the literature [5] .
In this way the non-linear elastic behaviour of the ligaments can be simulated. The used force-deformationrelations for the ligaments are shown in Fig.5 . 
Validation of the model
The model was validated carefully. The accordance with the results of FE-modelling and several in vivo and in vitro experimental data shows the quality of the MBS-model (see [6] ).
Application for implant testing
For the comparison with experimental results a second, reduced model was configured (Fig.6b) . The model consists of the vertebrae L2-L5 and is directly adapted to the experimental setup of Schmoelz [4] , who carried out experiments on cadavers on this part of the lumbar spine (Fig.6a) . First the intact state was tested. In accordance to the measurements the model was loaded with 7.5 Nm in the three main motion planes and the RoM was calculated. Afterwards the segment L3-L4 was instrumented with the dynamic stabilization device Elaspine and the effect of the implant on the RoM was investigated.
Results
The RoM of the intact and instrumented segments is shown in Fig.7 for flexion/extension, for lateral bending in 
Conclusion
The present study investigated the effect of a dynamic stabilization system on the RoM of the instrumented motion segment and the adjacent segments. The stabilization of a previously intact segment leads to a reduction in RoM of approximately 30 percent in flexion/extension respectively 50 percent and lateral bending. This effect can not be observed for axial rotation. In the latter case there is at least a reduction to 75 percent. The adjacent segments are not affected by stabilization of one segment. As shown above these results are comparable to data taken out of the literature. One can see that MBS modelling is an adequate device to perform preoperative surgical planning. Since in vivo studies are not feasible, this is the only way to evaluate exactly the effect of instrumentation in the lumbar spine.
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